Purpose Regorafenib is a novel multikinase inhibitor, currently approved for the treatment of metastasized colorectal cancer and advanced gastrointestinal stromal tumors. We investigated whether regorafenib is a substrate for the multidrug efflux transporters ABCG2 and ABCB1 and whether oral availability, brain and testis accumulation of regorafenib and its active metabolites are influenced by these transporters. Methods We used in vitro transport assays to assess human (h)ABCB1-or hABCG2-or murine (m)Abcg2-mediated active transport at high and low concentrations of regorafenib. To study the single and combined roles of Abcg2 and Abcb1a/1b in oral regorafenib disposition and the impact of Cyp3a-mediated metabolism, we used appropriate knockout mouse strains. Results Regorafenib was transported well by mAbcg2 and hABCG2 and modestly by hABCB1 in vitro. Abcg2 and to a lesser extent Abcb1a/1b limited brain and testis accumulation of regorafenib and metabolite M2 (brain only) in mice. 
INTRODUCTION
Multidrug efflux transporters of the ATP-binding cassette (ABC) protein family can have important roles in drug disposition. This impact is especially relevant for anti-cancer drugs as these drugs are usually administered close to their maximum tolerated dose. ABCB1 (P-glycoprotein) and ABCG2 (BCRP) are expressed on the apical membrane of epithelia in a number of organs which are pivotal for absorption and elimination of drugs like liver, small intestine and kidney, but also on luminal membranes of barriers protecting sanctuary tissues like the blood-placenta, blood-testis and blood-brain barrier. At these sanctuary sites ABCB1 or ABCG2 substrates are immediately pumped out of the epithelial or endothelial cells back into the blood. As a consequence, only small amounts of drug can accumulate in, for instance, the brain to treat (micro)metastases that are present behind a functionally intact blood-brain barrier. Many anticancer drugs including tyrosine kinase inhibitors (TKIs) have been shown to be substrates of ABCG2 or ABCB1 or both by different research groups, resulting sometimes in a decreased oral availability and often in a decreased brain accumulation (1) (2) (3) .
Regorafenib (BAY 73-4506, Stivarga, Supplementary Materials) is an orally dosed tyrosine kinase inhibitor targeting angiogenic, stromal and oncogenic receptor kinases, and currently being investigated for the treatment of multiple tumor types (4) . In a phase III study in patients with metastasized colorectal carcinoma, regorafenib improved overall survival 6 months compared to placebo (5) . This led to the approval of regorafenib by EMA and FDA in 2012. The indication for regorafenib use was recently expanded to advanced gastrointestinal stromal tumors (GIST), following a randomized double-blind placebo-controlled study of Demetri et al. (6, 7) . Progression-free survival and disease control rate were significantly improved by regorafenib in patients with advanced GIST whose tumors had developed resistance to imatinib and sunitinib (8) .
Regorafenib (fluorosorafenib) was developed as a more potent RAF-kinase inhibitor than sorafenib. These compounds have overlapping biochemical activities, however, regorafenib does not only have affinity for a broader range of antiangiogenic kinases (VEGFR1-VEGFR3) compared to sorafenib, it also targets TIE2 (tyrosine kinase with immunoglobulin and epidermal growth factor homology domain 2). The inhibition of both classes of kinases has been shown to act synergistically, resulting in a reduced tumor growth in preclinical models (9, 10) .
Furthermore, Bruix et al. found evidence for regorafenib antitumor activity in hepatocellular carcinoma patients that had previously been treated with sorafenib (11) . Regorafenib was able to delay disease progression in 25 out of 31 patients and one patient exhibited a partial response. A phase III study is currently recruiting to further investigate this effect (ClinicalTrialsGov identifier NCT01774344).
Sorafenib has been reported by various groups to be a good substrate of ABCG2 and a moderate substrate of ABCB1 in vitro as well as in vivo (12) (13) (14) (15) . Considering the similarity in chemical structure of regorafenib and sorafenib (Supplementary Materials, respectively) where regorafenib has an additional fluorine atom attached to the central aromatic ring, regorafenib might also be a good substrate of ABCG2 and possibly ABCB1. Surprisingly, however, regorafenib is not transported by ABCG2 or ABCB1 according to the manufacturer, as tested in vitro using transduced LLC-MDR1 and wildtype LLC-PK1 cells, at clinically relevant concentrations ranging from 0.2 to 10 μM (6). Regorafenib was, however, found to be an inhibitor of transport of digoxin (an ABCB1 substrate) and dipyramidole (an ABCG2 substrate) in vitro according to the same report. For this reason, a clinical phase I study (ClinicalTrialsGov identifier NCT02106845) is planned to investigate the interaction of regorafenib with digoxin and with rosuvastatin (another ABCG2 substrate).
CYP3A4 and UGT1A9 enzymes are responsible for the metabolism of regorafenib, resulting in two major and six minor metabolites. The formation of the two major circulating metabolites referred to as M2 (pyridine-N-oxide) and M5 (pyridine-N-oxide amide), is mediated by CYP3A4 (6). Compared to regorafenib, M2 and M5 have equal pharmacodynamic activity in vitro and they accumulate to similar plasma levels as regorafenib in patients once plasma steady state is reached (16, 17) . This accumulation is non-linear and is attributed to enterohepatic cycling and the long elimination half-life of these metabolites (6) . As a consequence, the metabolites may have a significant impact on the therapeutic efficacy of regorafenib. Interestingly, even though regorafenib was not found to be transported by ABCB1 or ABCG2 in vitro, both M2 and M5 were found to be weakly transported substrates of ABCB1 and M5 was weakly transported by ABCG2 (7) . In this study, we investigated the interaction of regorafenib and its major metabolites M2 and M5 with ABCB1, ABCG2 and CYP3A4 in in vitro and in vivo in knockout mouse models.
MATERIAL AND METHODS

Chemicals
Regorafenib and zosuquidar were purchased from Sequoia Research Products (Pangbourne, UK). Zosuquidar (Eli Lilly; Indianapolis, USA) was a kind gift from Dr. O. van Tellingen 
Transport Assays
Polarized Madin-Darby Canine Kidney (MDCK-II) cell lines transduced with human (h)ABCB1, murine (m)Abcg2 and hABCG2 cDNA were used and cultured as described previously (19) . Transepithelial transport assays were performed in triplicate on 12-well microporous polycarbonate membrane filters (3.0-μm pore size, Transwell 3402, Corning Inc., Lowell, MA) as described previously (20) . In short, cells were allowed to grow an intact monolayer in 3 days. On day 3, cells were pre-incubated with the relevant inhibitors for 1 h.
To inhibit endogenous canine Abcb1 in the MDCK-II Abcg2 and MDCK-II ABCG2 cell lines, we added 5 μM zosuquidar (ABCB1 inhibitor) to the culture medium during the entire experiment. The experiment was started by replacing the incubation medium from the donor compartment with freshly prepared drug-containing medium. At 2, 4, 8 and 24 h, 50 μl samples were collected from the acceptor compartment and stored at −30°C until analysis. The amount of transported drug was calculated after correction for volume loss due to sampling at each time point. Active transport was expressed by the transport ratio (r), which is defined as the amount of apically directed transport divided by the amount of basolaterally directed transport at a defined time point.
Animals
Male wild-type, Abcb1a/1b
;Abcb1a/ 1b -/-(23) and Cyp3a -/-mice (24), all of a >99% FVB genetic background were used. Mice between 9 and 13 weeks of age were used in groups of five mice per strain. The mice were kept in a temperature-controlled environment with a 12-h light/ dark cycle and received a standard diet (AM-II, Hope Farms, Woerden, The Netherlands) and acidified water ad libitum. Animals were housed and handled according to institutional guidelines in compliance with Dutch legislation.
Drug Solutions
Regorafenib was dissolved in DMSO at 20 mg/ml and diluted 20-fold with a vehicle mixture containing 10% (v/v) polysorbate 80, 6.5% (v/v) ethanol and 2.5% (w/v) glucose in water, to obtain a 1 mg/ml solution. Regorafenib was administered orally at a dose of 10 mg/kg (10 μl/g). All working solutions were prepared freshly on the day of experiment.
Plasma and Tissue Pharmacokinetics of Regorafenib
To minimize variation in absorption, mice were fasted for 2 h prior to oral administration of regorafenib using a bluntended needle. For the pharmacokinetic experiment, 50 μl blood samples were drawn from the tail vein using heparincoated capillaries (Sarstedt, Germany) at 0.5, 1, 2, 4 and 8 h. At 24 h mice were anesthetized using isoflurane and blood was collected via cardiac puncture. Immediately thereafter, mice where sacrificed by cervical dislocation and a set of organs was rapidly removed, weighed and subsequently frozen as whole organ at −30°C. Prior to analysis, organs were allowed to thaw and homogenized in appropriate volumes of 1% (w/v) BSA in water using a FastPrep®-24 device (MP Biomedicals, SA, California, USA). Blood samples were immediately centrifuged after collection at 2100 g for 6 min at 4°C, and plasma was collected and stored at −30°C until analysis.
Relative Accumulation of Regorafenib in Brain, Testis, Liver and Kidney
Mice were fasted for 2 h before oral gavage of regorafenib. At 0.25, 0.5 and 1 h blood was collected by tail vein sampling. At 2 h, roughly corresponding with the T max , mice were anesthetized with isoflurane and blood was collected by cardiac puncture. Immediately thereafter mice were sacrificed and brain, testis, liver and kidney were removed and processed as described above. Regorafenib concentration in brain tissue was corrected for the presence of plasma in the vascular space (1.4%) (25) .
Drug Analysis
Regorafenib concentration in culture medium was analyzed with a previously reported liquid-chromatography tandem mass spectrometric (LC-MS/MS) assay for regorafenib, with a calibration curve ranging from 25 to 25,000 ng/ml (18) . Plasma and tissue homogenates were analyzed with an extended LC-MS/MS assay using a gradient elution, where two active metabolites were included in the previously mentioned regorafenib assay at a higher sensitivity. The calibration ranges covered 10-10,000 ng/ml with an extrapolated lower limit of detection of 5 ng/ml for both regorafenib and its metabolites (unpublished data). Tissue concentrations were accordingly corrected for their individual weights, resulting in ng regorafenib per gram tissue.
Statistics and Pharmacokinetic Calculations
The unpaired two-tailed Student's t-test was used to determine significant transepithelial transport for heteroscedastic data. The area under the curve (AUC) of the plasma concentration-time curve was calculated using the trapezoidal rule, without extrapolating to infinity. The peak plasma concentration (C max ) and the time to reach peak plasma concentration (T m a x ) were determined from individual concentration-time data. Ordinary one-way analysis of variance (ANOVA) was used to determine significant differences between groups. Post-hoc Tukey's multiple comparison test was used to compare significant differences between individual groups. When variances were not homogeneously distributed, data were log-transformed before applying statistical tests. Differences were considered statistically significant when P<0.05. Data are presented as mean ± SD with each experimental group containing five mice.
RESULTS
Regorafenib is Modestly Transported by hABCB1 and Efficiently by mAbcg2 and hABCG2 In Vitro
Polarized MDCK-II cell lines transduced with hABCB1, mAbcg2 or hABCG2 were used to assess active transport of 5 μM regorafenib. We observed a slight amount of basolaterally directed transport in the parental cells, presumably by endogenous as yet unidentified transporters (Fig. 1a,  b) . Bearing this in mind, there was a modest apically directed transport of regorafenib by hABCB1 (r=1.3) counteracting the basolaterally directed transport seen in the parental line as shown in Fig. 1c . This transport was inhibited by zosuquidar (Fig. 1d, r=0.9 ). Apically directed transport of regorafenib was highest in mAbcg2-expressing cells (r=3.1) and this transport was efficiently inhibited by Ko143 (Fig. 1e, f, r=0.9 ). In contrast to mAbcg2, hABCG2 appeared to have no effect on the transport of regorafenib (Fig. 1g, r=0.8 ). As 5 μM regorafenib might saturate a possible modest transport activity of hABCG2, we lowered the concentration in the assay to 1 μM. Results similar to the previous experiment were obtained for the parental, hABCB1 and mAbcg2 expressing cells, although the background basolaterally directed transport of regorafenib in the parental cells was even more pronounced, and partly also inhibited by zosuquidar (Fig. 2a-f) . However, now hABCG2 showed a clear apically directed transport of regorafenib (Fig 2g, r=2.7 ) which could be completely inhibited by Ko143 (Fig. 2h, r=1.0) . These data suggest that hABCG2-mediated transport of regorafenib gets effectively saturated between 1 and 5 μM in this test system.
No Substantial Effect of mAbcb1 or mAbcg2 on Plasma Pharmacokinetics of Oral Regorafenib in Mice
As regorafenib is orally administered to patients, the mice received regorafenib by oral gavage into the stomach at a dose of 10 mg/kg. The time to reach peak plasma concentrations was about 2 h in each strain (Fig. 3) . The experimental variation was quite high, and although the AUCs in the single knockout strains were significantly reduced compared to WT, to 0.8-fold in Abcg2 -/-mice (P<0.01) and to 0.5-fold in Abcb1a/1b -/-(P<0.001), the combination Abcg2
mice had an AUC close to that of the WT mice. Collectively, this indicates that there is no substantial effect of these transporters on restricting the oral availability of regorafenib. This was further supported by plasma curves obtained in a subsequent short-term (2 h) oral regorafenib experiment in these mouse strains (see below).
Abcg2 and Abcb1a/1b Limit Regorafenib Brain and Testis Accumulation in Mice
Although regorafenib was largely eliminated from the plasma within 24 h, brain concentrations were increased by 4.4-fold in Abcg2 -/-mice and by 5.5-fold in Abcg2
;Abcb1a/1b -/-mice compared to WT mice (Fig. 4a) . Also after correction for the individual plasma concentrations and AUCs, comparable effects were seen for Abcg2
-/-and Abcg2
;Abcb1a/1b -/-mice, whereas there was no effect of single Abcb1a/1b deficiency on brain-to-plasma ratio or brain accumulation compared to WT mice, as shown in Fig. 4b and c.
The impact of transporter proteins is especially relevant around the maximum plasma concentration. Mice were therefore sacrificed 2 h after oral administration of 10 mg/kg regorafenib. Plasma concentration curves up to 2 h were similar for all mouse strains (Fig. 5a ), further confirming that the absence of Abcg2 and/or Abcb1a/1b did not have a strong effect on the plasma AUC. As shown in Table I and Fig. 6a , Abcg2 deficiency resulted in a 3.7-fold increase in regorafenib brain concentration compared to WT mice. Single Abcb1a/1b knockout had a small but not significant effect on brain concentration, but when both Abcg2 and Abcb1a/1b were absent the brain concentration further increased to a 7.9-fold higher brain concentration compared to WT mice. This was a significant 2.1-fold increase compared to the effect of Abcg2 deficiency alone (P<0.001). Brain accumulation values (Fig. 6b ) yielded essentially the same results. The data indicate that Abcg2 has a clear effect on restricting brain accumulation of regorafenib, and Abcb1 a modest effect that only becomes clearly apparent in the absence of Abcg2.
The blood-testis barrier (BTB) resembles the blood-brain barrier (BBB) with regard to the presence of Abcg2 and Abcb1a/1b in the endothelial cells of blood capillaries. Therefore testis was also analyzed to assess whether regorafenib accumulation was affected by Abcg2, Abcb1a/1b or both. As shown in Fig. 6c and d , absence of Abcg2 resulted in a 2.9-fold increase in regorafenib accumulation and additional knockout of Abcb1a/1b further increased regorafenib accumulation by about 1.5-fold. In contrast to the brain data, single knockout of Abcb1a/1b already resulted in a significant, 2-fold increase of regorafenib accumulation in testis compared to that in wild type mice (P<0.01). These results show that both Abcg2 and Abcb1a/1b, alone or in combination, contribute to restricting testis accumulation of regorafenib, with Abcg2 being the predominant transporter protein. Regorafenib concentrations in well-perfused organs like liver and kidney did not differ significantly between the strains (Supplementary Materials), indicating that Abcg2 and Abcb1a/1b did not have a strong impact on the regorafenib disposition to these organs. Consequently, the relative brain accumulation of regorafenib in WT mice was about 2% of the liver accumulation, whereas brain or testis accumulation of regorafenib in the absence of Abcg2 and Abcb1a/1b were increased to 17% or 30% of the liver accumulation, respectively (compare Fig. 6b and d with Supplementary Materials).
Active Regorafenib Metabolite M2 is Able to Penetrate the Brain in Abcg2
To investigate the effect of CYP3A enzymes on regorafenib metabolite formation, we administered 10 mg/kg regorafenib orally to Cyp3a -/-mice. As shown in Fig. 5b , M2 was already detectable after 15 min, with a likely C max at roughly 1-2 h in WT mice. No detectable amount of M2 was found in plasma of Cyp3a -/-mice up to 2 h, whereas similar M2 AUCs were obtained for WT, Abcg2 ;Abcb1a/1b -/-mice after 2 h compared to all the other tested mouse strains (Table I , Supplementary Materials). The amount of metabolite formed within 2 h after regorafenib administration was too low to observe BTB passage of M2, although small amounts of M2 were detectable. In liver and kidney tissue of all strains except for the Cyp3a knockout mice (not shown). The other active metabolite, M5, was not detected within 2 h in plasma or in the analyzed tissues. Together, the data show that formation of M2 is strongly dependent on Cyp3a activity in the mouse, and that M2 brain accumulation is restricted by Abcg2 and/or Abcb1a/1b.
DISCUSSION
We found that regorafenib is transported by mAbcg2 and modestly by hABCG2 and hABCB1. This is evidenced in vitro by positive transport ratios and full inhibition of the apical transport by specific inhibitors. Using various knockout mouse strains, we were able to extend these findings in vivo. We showed that even though regorafenib oral availability was not affected by Abcg2 or Abcb1a/1b, the brain and testis accumulation were clearly restricted by Abcg2 and Abcb1a/ 1b. Lastly, we show that the active metabolite M2 is primarily formed by Cyp3a enzymes and was able to better penetrate the brain in the absence of both Abcg2 and Abcb1a/1b, just like regorafenib.
Maximal plasma concentrations around 3.5 μM are reached in man after a single regorafenib dose. After continuous daily dosing, regorafenib accumulates to steady state concentrations in the range of 5 to 7 μM (16). These concentrations are in the same order of magnitude with the concentrations we found in plasma of mice (up to 12 μM) after 10 mg/kg oral dosing in vivo. From this perspective, we think that our in vivo findings might provide a good basis for extrapolation to the clinical situation, also as regorafenib binding to mouse and human plasma poteins is similar (~99.5%) (6) .
Interestingly, our in vitro findings contrast with what the manufacturer reported earlier. They found that regorafenib was an inhibitor of hABCG2, but not a transported substrate of either hABCB1 or hABCG2 in vitro using LLC-ABCB1 and MDCK-II-ABCG2 cell lines with concentrations ranging from 0.2 to 10 μM (6,7,26). Although they also performed transwell membrane experiments, there may be several reasons for the discrepancy between our and their findings such as differences in assay sensitivity, transporter expression level and cell types used in these assays. From our own experience we know that it is difficult to maintain adequate hABCG2 expression in MDCK-II cells, and studies of hABCB1 function in LLC-PK1 cells can be compromised by the significant level of endogenous porcine ABCG2 function in these cells when the test drug (like regorafenib) is also an ABCG2 substrate. Although speculative, perhaps these factors have contributed to different outcomes of our studies and those of the manufacturer. , d), mAbcg2 (e, f) or hABCG2 (g, h) cDNA. At t =0 h, regorafenib was applied to the donor compartment and concentrations in the acceptor compartment were measured at t=2, 4 and 8 h and plotted as total amount of transport (ng) in the graphs (n=3). (b, d-h) Zos. (zosuquidar, 5 μM) and/or Ko143 (5 μM) were applied as indicated to inhibit hABCB1 or hABCG2 and mAbcg2, respectively. r relative transport ratio. BA ( , dashed line), translocation from basolateral to apical compartment; AB ( , continuous line), translocation from apical to basolateral compartment. *, P<0.05; ***, P<0.001 indicates significant transepithelial transport at t=8 h. Points, mean (n=3); bars, SD. At t=8 h, 1 nmol transport corresponds to an apparent permeability coefficient (Papp) of 3.1×10 −5 cm/s.
We found that 5 μM regorafenib was actively transported by mAbcg2 in vitro, while hABCG2-mediated transport was saturated at this concentration. Lowering the concentration to 1 μM was enough to demonstrate that regorafenib was indeed a transported substrate of hABCG2. As discussed before (14, 27, 28) , a lower in vitro transport capacity of hABCG2 versus mAbcg2 that is consistently seen for many drugs in these cells may relate to the difficulty in obtaining MDCKII cell lines with a high hABCG2 expression and activity. Another possibility is that the Km of regorafenib for hABCG2 is lower than that for mAbcg2. In line with the in vitro results, we found a substantial impact of mAbcg2 in vivo at the BBB at plasma concentrations in the clinical range of up to~12 μM regorafenib. In addition, Uchida et al. demonstrated that hABCG2 is 1.9-fold more expressed in human brain microvessels than mAbcg2 in the murine brain (29) . Therefore the role of hABCG2 in the brain disposition of regorafenib could be even more pronounced in man than we found in the mouse.
Our findings show that regorafenib is a moderate Abcb1a/1b and a good Abcg2 substrate at the BBB. Absence of Abcb1a/1b did not affect the brain disposition of regorafenib at the C max (t=2 h), while deficiency of Abcg2 led to a 3.6-fold increase in brain accumulation. However, the additional contribution of Abcb1a/ 1b for the brain accumulation became apparent in the absence of both transporters, leading to an 8.2-fold increase. This disproportionate effect is seen more often for TKIs and other drugs that are shared Abcg2 and Abcb1 substrates and is well explained by various published theoretical pharmacokinetic models (30) (31) (32) .
Regorafenib is one of the very few TKIs (including sorafenib and CYT387) whose brain disposition is dominated by Abcg2 and not by Abcb1a, whereas their oral availability was not affected by the absence of these transporters (13, 14, 33) . Brain accumulation of the majority of the TKIs and other targeted anti-cancer drugs tested so far were shown to be affected mainly or only by Abcb1a/1b deficiency such as axitinib (12), cediranib (34) , crizotinib (35) , everolimus (36), trametinib (37) and veliparib (38) . One of the reasons for this is likely to be the approximately 3 to 4-fold higher expression of Abcb1a protein compared to Abcg2 at the mouse BBB (39, 40) , further emphasizing the good substrate specificity of Abcg2 for regorafenib. Although regorafenib has high structural similarity to sorafenib, regorafenib seems to have a better oral bioavailability and a more delayed T max compared to sorafenib in patients, whereas several other pharmacokinetic parameters seem to be similar (Supplementary Materials) (17, 41) .
In this study, we observed a clear impact of contextdependency in ABC transporter activity. We found that absence of Abcb1a/1b and Abcg2 does not affect oral availability, but does influence brain and testis accumulation of regorafenib. Similar effects have been described previously for example with sorafenib, sunitinib and CYT387 (14, 28, 33) . Additionally, we found a significant detectable impact of single Abcb1a/1b knockout on the regorafenib accumulation in the testis, while there was a slight but insignificant impact of Abcb1a/1b absence in the brain. This could perhaps be attributed to the relatively lower amount of mAbcg2 present in testis compared to the brain in mice (42) , whereas intrinsic differences in tightness of the BTB versus BBB may also have played a role in their slightly different behavior (43) .
Unlike M5, formation of M2 appears to be fast and solely mediated by Cyp3a enzymes in the mouse. We were able to measure M2 already 15 min after oral administration of regorafenib in all strains except for the Cyp3a knockout mice, whereas we could not detect M5 after 2 h. As trace amounts of M2, only slightly above LOD, were measured in the brain of Abcg2 -/-; Abcb1a/1b -/-mice, it is likely that M2 is also a substrate of one or both of these transporters. We think that the single bolus administration of regorafenib was ;Abcb1a/ 1b -/-( ) and Cyp3a -/-( ) mice over 2 h after oral administration of 10 mg/kg regorafenib. Points, mean (n=5); bars, SD. -/-) significance data for this last comparison are not shown; # maximal value, calculated with the lower limit of detection in the used LC-MS/MS assay (5 ng/ml) or with the extrapolated value where possible. Data are given as mean ± SD (n=5) not enough to result in reliably detectable levels of M2 and M5. Also in patients substantial levels of M2 and M5 are detectable after subsequent daily oral administrations of regorafenib (17, 41) .
In spite of several performed clinical trials, none have yet systematically assessed the efficacy of regorafenib in central nervous system (CNS) metastases. We think that our findings can be a good source for future clinical studies of cancer patients with CNS involvement, as we here showed a clear impact of ABCB1 and ABCG2 in restricting brain penetration of regorafenib. Moreover, based on our previous experience (14, 20, 28) , we suggest that combined administration of regorafenib with ABCB1 and ABCG2 inhibitors such as elacridar might improve the brain concentration and thus efficacy of regorafenib against metastases located behind an intact BBB.
CONCLUSION
We conclude that the multikinase inhibitor regorafenib is transported well by hABCG2 and mAbcg2, and modestly by hABCB1 in vitro. This is supported in vivo in mice where brain and testis accumulation are restricted mostly by Abcg2 and additionally by Abcb1. These results indicate that coadministration of ABCG2 and/or ABCB1 inhibitors may increase exposure of regorafenib and its active M2 metabolite in patients, thus providing an option to ;Abcb1a/1b -/-and Cyp3a -/-mice, 2 h after oral administration of 10 mg/kg regorafenib. **, P<0.01; ***, P<0.001 compared with WT mice. Data are presented as mean ± SD (n=5). Where necessary, data were log-transformed to normalize the SDs between study groups.
better treat (micro)metastases behind a functionally intact blood-brain barrier.
